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Summary. The maxillary palpi of the predaceous diving beetle Cybister /imbriolatus 
/imbriolatus Say were observed by transmission and scanning electron microscopy. 
Scanning electron microscopy shows at least two types of sensilla at the tip of palp, 
which are referred to as "circumvallate and naked sensilla". The former are innervated 
with outer segments of distal processes of sensory cells, but the latter are provided only 
with chitin and cuticular substances. 
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A large number  of s tudies  necessary for unde r s t and ing  insect  sense organs 
have  been made  by  electron microscopy (e.g., Adams ,  1961; Slifer, 1961; Slifer 
a n d  Sehkon,  1961; St i i rckow, 1962; Larsen,  1962, 1963; Thurm,  1964; Slifer and  
Sehkon,  1964a-c ;  Slifer et al., 1964; Peters ,  1965; Boeekh et al., 1965; Ivanov ,  
1966; Thurm,  1966; Stfirckow, 1967; Erns t ,  1969; Tominaga  et al., 1969; Ivanov ,  
1969; Dallai ,  1970; Al tne r  et al., 1970). However ,  the  max i l l a ry  pa lp  of the  pre- 
daceous  diving beet le  Cybister ]imbriolatus/imbriolatus Say  has  never  been obser- 
ved  in de ta i l  b y  e lect ron microscopic procedures ,  so far  as the  presen t  au thors  are 
aware.  
Al though  the  t ransmiss ion  electron microscope cont r ibu tes  to  analyzis  of the  
fine s t ruc ture  of t issue cells, sections used in t ransmiss ion  e lect ron microscopy 
are  r e m a r k a b l y  thin  and  represent  only  a small  sample  of the  t o t a l  t issue. There- 
fore, t h e y  m a y  no t  suffice in themselves  to provide  an unde r s t and ing  of the  three  
d imens iona l  organiza t ion  of the  tissue. Biological ly  s ignif icant  features,  such as the  
insect  pa lp  surfaces, especial ly the i r  t ip  surfaces, are  so complex  t h a t  thei r  orien- 
t a t ion  and  basic s t ruc tures  do no t  emerge f rom s tudy  of sections alone. Our  
p resen t  incomple te  knowledge of the  s t ruc ture  of insect  sense organs seems to 
* This work was supported by Grant NB 04687 from the National Institutes of Health 
of the United States of America. 
We wish to express our gratitude to Prof. H. Stanley Bennett, Laboratories for Repro- 
ductive Biology, School of Medicine, University of North Carolina, Prof. G. Yasuzumi, 
Electron Microscope Research Laboratory, Department of Anatomy, Nara Medical University, 
and Prof. John E. Bardach, Department of Wildlife and Fisheries, School of Natural 
Resources, University of Michigan, for their valuable advice to the present work. 
Palpi of Cybister/imbriolatus 477 
der ive  in  p a r t  f rom inab i l i t y  of sect ioning techniques  to  reveal  fea tures  of the  
whole organ.  Scanning e lect ron microscopy pe rmi t s  examina t ion  of the  surface 
morpho logy  and  thus  reveals  i m p o r t a n t  aspects  of the  whole organ.  
The  p resen t  s t u d y  a t t e m p t s  to clarify the  s t ruc tu ra l  deta i l s  of the  surfaces 
of max i l l a ry  pa lp i  of the  predaceous  d iv ing  beet le  b y  scanning and  t ransmiss ion  
e lec t ron microscopes.  
Material and Methods 
Techniques for Scanning Electron Microscopy: A pair of palpi of the predaceous diving 
beetle Cybister/imbriolatus ]imbriolatus Say were carefully removed from their basal attach- 
ment. They were fixed with 6.25% glutaraldehyde for 1 hour at 4 ~ C, and subsequently 
with 1% osmium tetroxide for 1 hour at 4 ~ C. Each fixative was adjusted to pH 7.2 with 
0.1 M sodium cacodylate buffer. The fixed specimens were for 2 weeks stored in 70% 
ethanol solution. After allowing the ethanol to dry in air, the specimens were coated with 
a conductive layer of carbon 100-200 A thick followed by a layer of gold of equal thickness 
in a vacuum evaporator. The specimens were examined in a Hitachi scanning electron 
microscope, model HSM-2, at an accelerating voltage of 25 kV. 
Techniques for Transmission Electron Microscopy: The specimens fixed as described were 
dehydrated in a series of increasing concentrations of ethanol solutions and embedded 
in Epon 812 (Luft, 1961). Sections were cut with an LKB ultrotome using glass knives, 
mounted on Formvar-coated specimen grids and stained by the lead citrate method of 
Reynolds (1963). These sections were examined in a Hitachi electron microscope, model 
HU-11D-S or HU-12 at an accelerating voltage of 75--100 kV. 
Observations 
The max i l l a ry  pulp of the  presen t  ma te r i a l  consists of four  segments ,  in which 
the  d is ta l  segment  measur ing  a p p r o x i m a t e l y  1.0 m m  in length  and  0.3 m m  in 
m a x i m a l  width ,  b u t  the  o ther  ones 0.5 to  0.7 m m  in length  and  0.37 m m  in 
max ima l  wid th  (Fig. 1). I t  is covered with  the  chi t inous cut icular  e lements  which 
are  made  up  of a set of hexagona l  p la tes  in ter locking regular ly  wi th  one ano the r  
(Fig. 3). A small  n u m b e r  of microsetae  are found,  each being inser ted  in a punctule .  
I t  is not iced  t h a t  the  seta  is often t r u n c a t e d  in several  heights.  The microse ta  
is observed i so la ted  a t  several  po in ts  (Figs. 1, 2, 4), b u t  occasional ly  in a group,  
each hav ing  an  ind iv idua l  punctule .  I t  looks to  be a n t e n n a  to  catch e lect ro-mag-  
net ic  waves  (Fig. 3). 
The  surfaces of pa lp i  are  re la t ive ly  smooth  except  for the  presence of micro- 
setae,  while the  t ip  of the  d is ta l  segment  is no t  a lways  smooth,  i t  is r a the r  
concavo-convex  (Fig. 4). On the  surfaces one can discern several  t ypes  of sensi]la 
basiconica,  mos t  of t hem near  the  t ip  of pulp  (Fig. 5). One can recognize a t  least  
two types ;  some sur rounded  by  a th ick  circular  walt, some not.  The former  are 
referred to  as " c i r c u m v a l l a t e  sensi l la" ,  and  the  l a t t e r  as " n a k e d  sens i l la" .  
Amongs t  the  c i rcumval la te  sensflla, smal ler  cons t i tuen t  s t ruc tures  v a r y  in the  
shape,  size and  number .  Some sensilla are f lame-l ike in shape,  being sur rounded  
by  a deep,  c i rcular  furrow, a round  which is a wall. Others  d i sp lay  several  smal l  
pro jec t ions  su r rounded  by  a s imilar  wall a n d  m o a t  (Fig. 6). 
I n  sect ions i t  is possible to observe t h a t  the  ou te r  segments  of d is ta l  processes 
of sensory  cells ex tend  in to  the  centra l  p ro jec t ion  of the  c i rcumval la te  sensi l lum 
(Fig. 8). Such a s t ruc ture  can no t  be seen in the  n a k e d  sensi l lum which is 
p rov ided  only wi th  dense chi t in  and  less dense cut icular  elements,  b u t  which do 
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Fig. 3. Four  microsetae different in length, each having individual punctule. The cuticular 
surface is covered with a set of plates showing a hexagonal appearance. X 1400 
Fig. 1. Scanning electron micrograph of a pair of the maxillary palpi of the predaceous 
diving beetle, each consisting of four segments, x 49 
Fig. 2. Enlarged micrograph of one of the distal segments in Fig. 1, showing microsetae 
and an uneven surface of the t ip of palp. X 140 
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Fig. 4. The tip surface of palp is markedly uneven. The microsetae t runcated  at  their  
apices arc visible in about  eight punctules. • 480 
Fig. 5. A par t  of the t ip of palp. Numerous papillar structures are visible in a group. X 1400 
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Fig. 6. The tip of palp is covered compactly with sensilla basiconica which are differentiated 
at least into two varieties: circumvallate and naked, x 4 500 
not display any cellular ones (Fig. 7). The wall surrounding the circumvallate 
sensillum is approximately 0.7 ix thick and consists of a dense, homogeneous 
chitinous material bounded by a less dense, lamellar cuticular layer. A member 
of the epidermal cell complex (Larsen, 1963), the trichogen cell, is observed 
just beneath the cuticular layer (Fig. 8). 
Discussion 
The scanning electron microscope provides an excellent opportunity to study 
the structure of large pieces of insect sense organs within a wide range of magni- 
fication at  a good resolution. I t  is possible to investigate both natural surfaces 
as well as those artificially produced by preparing techniques: for example, some 
sensflla are flame-like in shape, being surrounded by a deep, circular furrow around 
which is a wall; others display several small projections surrounded by similar 
walls and moats. Such multiple features may  be due to artifacts of preparative 
techniques such as fixation, dehydration, air drying and others. 
Since the scanning electron microscope provided three-dimensional pictures of 
the palpi of the predaceous diving beetle, it was possible to obtain reconstructions 
32* 
Fig. 7. A longitudinal section through a sensillum without wall. I t  is covered with a dense 
chitin layer, and composed of chitin and cuticular elements. The lamellar cuticular layer 
is situated beneath the sensillum. X 20000 
Fig. 8. An oblique longitudinal section through a circumvallate sensillum which is surrounded 
by a deep furrow and a dense wall. At least four outer segments of distal processes of the 
sensory cells are enclosed in the cuticular sheath. The trichogen cell (TC) containing a large 
number of dense mitochondria and vacuoles is encountered under the cuticular layer (CL). 
x l l000 
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f rom pic tures  t a k e n  b y  t ransmiss ion  electron microscopy.  I t  is bel ieved t h a t  these 
two techniques  presen t  toge ther  excel lent  possibi l i t ies  for s t ruc tu ra l  analys is  of 
biological  tissue. 
Recent ly ,  the  u l t r a s t ruc tu r a l  organiza t ion  of the  chemorecept ive  an tenna l  
sensi l lum of the  beet le  Acilius sulcatus was observed b y  t ransmiss ion  microscopy 
( Ivanov ,  1969). The u l t r a s t ruc tu re  of the  c i rcumval la te  sensi l lum observed in the  
present  mater ia l  is ve ry  s imilar  to  t h a t  of Acilius sulcatus. More recent ly ,  the  
pos tan tenna l  sensil lum of the  col lembola was s tud ied  by  t ransmiss ion  e lect ron 
microscopy by  Al tne r  et al. (1970), and  the  cut icular  s t ruc ture  of the  head  and  
abdomen  of such an  insect  by  scanning electron microscopy (Dallai,  1970) separa-  
tely.  I t  is impossible  to pursue  a re la t ionship  be tween two k ind  pic tures  t a k e n  
by  di f ferent  e lectron microscopic techniques.  A character is t ic  inser t ion of micro- 
setae observed in the  col lembola (Dallai, 1970) was never  seen in the  max i l l a ry  
pa lp  of the  presen t  mater ia l .  
Scanning  electron microscopy showed for the  f irst  t ime  a t  least  two types  of 
sensilla a t  the  t ip  of the  max i l l a ry  palp,  c i rcumval la te  a n d  naked  sensilla. The 
former  were p rov ided  with  outer  segments  of d is ta l  processes of sensory cells, b u t  
the  l a t t e r  only  wi th  chi t in  and  cut icular  substances.  Accordingly ,  the  l a t t e r  m a y  
funct ion as an a p p a r a t u s  for suppor t ing  the inne rva ted  c i rcumval la te  sensilla. 
Combined exper iments  wi th  electron microscopic and  e lect rophysiological  
procedures  m a y  reveal  more  s t ruc tura l  and  funct ional  deta i ls  t han  could be 
recognized by  each procedure  respect ively .  Such resul ts  will be publ i shed  elsewhere 
in near  future.  
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